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TIME AND INTENSITY IN PHOTOSENSORY STIMULATION.
BY SELIG HECHT.
-(From the Physiological Laboratory, College of Medicine, Creighton University, Omaha.) (Received for publication, November 11, 1920.) I° The photochemical effect of light depends upon its intensity and the time of its action. In previous studies I have investigated the separate effects of these two variables in their action on the photic responses of Mya arenaria (Hecht, 1918-19, a; 1919-20, c) . I have also considered the interaction of these two factors under certain specially circumscribed conditions of particular interest (Hecht, 1919-20, b, c) . In its more general bearings, however, the relation between the two variables has not been examined. This I propose to do now.
If the intensity of the stimulating light is kept constant and its time of action varied, it has been found (Hecht, 1918-19, a) that the photochemical effect (E) is a linear function of the time (t). This may be written
where kl is a constant of proportionality. On the other hand, if the time of action is kept constant and the intensity varied, the photochemical activity of the light is found (Hecht, 1919-20, c) to be directly proportional to the logarithm of the intensity (I). This may be expressed as E = b s l o g I (2) ks being a constant.
It follows from equations (1) and (2) that if both the intensity and the time are permitted to vary, the photochemical effect should be proportional to the product of the time of action into the logarithm of the intensity. In other words .Efkt logI (3) the terms having their previous significance.
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If equation (3) is true experimentally, it should furnish a corroboration of the previous findings as expressed in equations (1) and (2). Moreover, it would then give substantial support from a new angle to the hypothesis which I have proposed to account for the photosensory behavior of Mya (Hecht, 1918-19, a) . I have therefore undertaken a number of simple measurements which will give an unequivocal answer to the requirements of equation (3). II.
An outstanding characteristic of the response of Mya to light is its reaction time. It has already been repeatedly shown in these studies on the photosensory process that this reaction time is composed of two parts, the sensitization period and the latent period (Hecht, 1918-19, a; 1919-20, b) . The sensitization period represents the actual time of action (t) of the light in its relation to the reversible photochemical reaction S,-~P+A in the sense organ. The latent period is the portion of the reaction time during which the light is not required. It is occupied by the time taken for the secondary reaction
L---~ T
to produce the amount of T necessary to initiate the nervous impulse which begins the response of the animals.
The velocity of the latent period reaction is directly proportional to the photochemical effect produced by the initial photochemical reaction. A constant photochemical effect gives a constant latent period. During ordinary stimulation of Mya by light, the latent period is constant and of minimal duration because the photochemical effect produced during the sensitization period is constant and maximal. The sensitization period, and consequently the reaction time, simply prolongs itself until the required accumulation of P and A is produced by the light.
The duration of the latent period cannot be decreased beyond this point because the velocity of the reaction L--~T is maximal when the amount of P and A has been produced during the exposure occupied by the sensitization period. It is, however, possible to increase the latent period by exposing the animal for periods less than the sensitization period. Submaximal quantities of P and A are then produced and the latent period is prolonged, because the velocity of the latent period reaction is diminished. If merely a minimum exposure is given (presentation time of Laurens and Hooker, 1920) the amount of P and A produced is minimal, and the latent period is consequently very much prolonged. In any event, however, a given photochemical effect results in a constant duration of the latent period.
These findings have been secured by such a variety of methods, and have been demonstrated so frequently to investigators at Woods Hole, that it is somewhat surprising to have them questioned (Laurens and Hooker, 1920)~ The experiments to be described will furnish still another means of corroboration, sufficient, I hope, to disarm any criticism.
The photochemical effect of the light is maximal if it takes place during the sensitization period. An animal which is exposed to light indicates automatically when this maximum has been reached by the retraction of its siphon at the end of the reaction time. Because the latent period is constant, variations in the reaction time to lights of different intensities are the result of variations in the sensitization period. This then furnishes a simple method of testing equation (3). All that is required is to measure the reaction time of animals exposed to lights of different intensities.
III.
The intensity of illumination may be varied by placing the animal at different distances from a source of light. As sources of light I have used on different occasions a 40 watt, a 100 watt, and a 250 watt lamp. These are concentrated-filament Mazda lamps, and for our purposes may be considered as point sources. The intensity of illumination therefore varies inversely as the square of the distance from the source. The reaction time is measured with a stop-watch.
Only dark-adapted animals are used; and between tests they are kept in complete darkness. At least 15 minutes are allowed between tests.
At different times during the summer I performed seven series of experiments: one with three animals; two with four animals; two with six animals; and two with seven animals. As an example, Fig. 1 gives the data of the series of experiments performed on July 28. The reaction time of each animal was measured at three different times for every intensity. Each point in Fig. 1 is thus an average of eighteen measurements, three with each of six animals. It is apparent that the experimental results are regular and may therefore be treated mathematically.
IV.
Equation (3) states that
E=ktlogl (3) For purposes of experimental verification, and for convenience in presenting the data, it will be desirable to consider equation (3) Substituting this value of t in equation (3) we get and from it that
form of the equation of a straight line y=ax+b where y = r, or the reaction time; a = K; xIt is at once apparent that equation (5) is in the E log I' which is equivalent to the reciprocal of the logarithm of the intensity, since E, the photochemical effect, is constant; and b = p, the latent period.
It follows from this consideration that if equation (3) is true, a curve, representing as ordinates the reaction time (r) and as abscissae the reciprocal of the logarithm of the corresponding intensity lo~ should be a straight line which crosses the y axis at p units above(0,0).
I have drawn the data of Fig. 1 in this way, and the result is given in Fig. 2 . The fact that the curve in Fig. 2 is a straight line is direct proof of the experimental validity of equation (3) There can therefore be no doubt that equations (3) and (5) are true experimentally. The photochemical effect of light in the photosensory stimulation of Mya is then proportional to the product of the logarithm of the intensity of illumination into the time during which the light acts. This result supports previous investigations with Mya (cf. especially Hecht, 1919-20, c) , and strengthens the hypothesis proposed to account for its photosensory responses.
SUMMARY.
In its photosensory effect, the action of light depends on two variables,--intensity and time. If the intensity alone is varied, the photochemical effect is proportional to the logarithm of the intensity. If the time alone is varied, the effect is proportional to the time. Experiments here reported show that when both the intensity and the time are varied, the photochemical effect is equal to the product of their separate activities: E = kt log I. These results furnish the means of expressing directly the relation between the intensity of illumination and the reaction time of Mya.
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